Retinopathy of prematurity (ROP) is a leading cause of preventable childhood blindness worldwide. Barriers to ROP screening and difficulties with subsequent evaluation and management include poor access to care, lack of physicians trained in ROP, and issues with objective documentation. Digital retinal imaging can help address these barriers and improve our knowledge of the pathophysiology of the disease. Advancements in technology have led to new, non-mydriatic and mydriatic cameras with wider fields of view as well as devices that can simultaneously incorporate fluorescein angiography, optical coherence tomography (OCT), and OCT angiography. Image analysis in ROP is also being employed through smartphones and computer-based software. Telemedicine programs in the United States and worldwide have utilized imaging to extend ROP screening to infants in remote areas and have shown that digital retinal imaging can be reliable, accurate, and costeffective. In addition, tele-education programs are also using digital retinal images to increase the number of healthcare providers trained in ROP. Although indirect ophthalmoscopy is still an important skill for screening, digital retinal imaging holds promise for more widespread screening and management of ROP.
Treatment of type 1 ROP may include cryotherapy, laser photocoagulation, and anti-vascular endothelial growth factor (VEGF) therapy. The Cryotherapy for Retinopathy of Prematurity (CRYO-ROP) study was a randomized controlled trial which showed that ablation of the avascular retina through transscleral cryotherapy reduced unfavorable outcomes in severe ROP. 4 However, indirect laser photocoagulation has largely replaced cryotherapy. The Bevacizumab Eliminates the Angiogenic Threat for Retinopathy of Prematurity (BEAT-ROP) study as well as other reports in the literature showed that anti-VEGF therapy is a developing treatment option for ROP, but there are still concerns regarding its safety. 5 The American Academy of Pediatrics (AAP), American Association for Pediatric Ophthalmology and Strabismus (AAPOS), and the American Academy of Ophthalmology (AAO) recommend a retinal screening examination for infants with a birth weight of ≤1500 g or gestational age of ≤30 weeks who are at high risk for ROP. 6, 7 The use of retinal imaging for ROP screening is a quickly evolving approach. Imaging in ROP provides a costeffective and accurate way to diagnose and monitor ROP. It should be applied to ROP screening worldwide as it can help increase access to care in areas with limited ophthalmologists trained in ROP or in areas with few resources. Currently, ROP imaging is widely used for photo documentation and telemedicine programs. In recent years, fluorescein angiography (FA), optical coherence tomography (OCT), and other imaging modalities have been more thoroughly used in ROP care and research. In this review, we discuss current trends and future directions of ROP imaging.
The first published human fundus photograph dates back to 1886 (Fig. 1) . In 1906, the first fundus camera was available for commercial use by physicians. 8 In the 1970s, the Kowa handheld direct ophthalmoscope was combined with a gonio lens and was useful in digital retinal imaging. Methods for retinal photography in the newborn were described about 5 decades ago. For example, Flynn et al 9 describes the use of FA with a Zeiss retinal camera for infants with ROP who had "peculiar or puzzling fundus pictures" in the 1960s and 1970s. However, routine imaging of children had unique challenges which included positioning, keeping the infant warm, and familiarity with findings in the normal infant as compared with adults. 10 
IMAGING SYSTEMS FOR ROP
Multiple advancements in technology have produced numerous imaging modalities for ROP (Table 1 [11] [12] [13] [14] [15] [16] [17] [18] ). 19, 20 The Zeiss FF3 fundus camera was used for the ETROP study but issues with positioning were described by the original authors. 21 In traditional imaging systems, patients sit upright and place their head in a headrest while directing their eye in specific directions. The patients that are imaged for ROP are infants who cannot voluntarily follow commands and require assistance in positioning of the head. Often the infant is in a supine position in a hospital bed (crib) if they are in the neonatal intensive care unit or held by the parent/staff in a supine position if they are in an outpatient clinic.
In addition to unique positioning issues in infants, it is also important to use contact imaging systems given the challenges of imaging patients specifically in this age group. In this system, the camera is directly applied to the globe after topical anesthetic is instilled into the eye and gel has been applied to the probe. This method poses potential risks of injury to the eye, including corneal abrasions. Furthermore, wide-field views are essential in the evaluation of ROP and mydriasis helps obtain better views of the peripheral retina.
Wide-field contact imaging systems include the RetCam (Natus Medical Systems, Inc., Pleasanton, CA, US), which is a mydriatic, contact, handheld device that images 130° of the fundus. 22 The RetCam Shuttle (Natus Medical Systems, Pleasanton, CA, US) is a more portable, lighter version of the RetCam. The RetCam also has a FA feature with various lenses (130°, 120°, 80°, 30°, and portrait) that are available for use. The use of digital imaging using the RetCam was shown to have high sensitivity and specificity when compared with the gold standard, indirect ophthalmoscopy, in terms of ROP diagnosis. 23 However, potential limitations of the RetCam include relatively low resolution and capturing dark fundi. 24 Over the past 10 years, a number of newer imaging modalities have emerged for ROP imaging. The ICON (Phoenix Clinical, Inc., Pleasanton, CA, US) camera system is a mydriatic, contact, handheld camera with reported improved resolution and color profile for dark fundi; FA is also available with this device. 24 The 3nethra neo (Forus Health, Bangalore, India) is also available for use for retinal imaging and offers a 120° field of view and high-resolution images, as well as allows montaging of images that can be useful for ROP. 11, 25 The Panocam (Visunex Medical Systems, Inc., Fremont, CA, US) is a wireless, contact, handheld camera system with a 130° field of view. 25 It has been used widely in newborn screening programs in Asia. The Optos California and 200-TX Optomap (Optos, Marlborough, MA, US) are non-contact, ultrawide-field imaging systems with a 200° field of view.
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Smartphone-Based Models
New developments in smartphone-based models for retinal imaging have been established, including the D-eye system, The Portable Eye Examination Kit (PEEK), Ocular CellScope, and a prototype by Harvard Medical School. 12 The D-eye system has a 20° field of view, with similar principles as the direct ophthalmoscopy. The camera's autofocus ability account for the patient's refractive error. 27 The Karnataka Internet Assisted Diagnosis of Retinopathy of Prematurity (KIDROP) program showed that the use of smartphones also allowed for efficient transfer of data to specialists and led to an earlier diagnosis of ROP. Smartphone images were also beneficial in parental education and pediatric training. 28 In a study by Wang et al, 29 a smartphone-based prototype device employed trans-pars-planar illumination to achieve wide-field fundus photographs. Instead of the conventional transpupillary illumination, this technique allows a greater view through the pupil, acquiring 90° fundus views in a single shot, an approach that theoretically requires less dilation. 30 
TELEMEDICINE
Digital retinal imaging is an important factor in telemedicine and allows remote interpretation of images. This has been pivotal in areas with an inadequate number of ophthalmologists trained in ROP screening and management. In the US, the Telemedicine Approaches to Evaluating Acute-phase ROP (e-ROP) study involved 21 clinical centers and a cohort of 2000 infants. Images were obtained using the RetCam Shuttle and graded by non-ophthalmologists. 31 These were compared with diagnostic examinations by ophthalmologists and the findings were consistent with previous studies showing that telemedicine diagnosis for ROP is reliable and accurate. 32 Although e-ROP was a study, there are a number of active clinical telemedicine systems in the US such as the Stanford University Network for Diagnosis of Retinopathy of Prematurity (SUNDROP) initiative and the Focus-ROP programs. 33, 34 Telemedicine programs have been established in other countries as well. The Retinopathy of Prematurity Eradication -Save Our Sight (ROPE-SOS) is a mobile tele-screening program in South India. Digital retinal images of preterm infants were captured using the Retcam Shuttle and transmitted to Aravind Eye Hospital in Coimbatore, India. 35 Images were then analyzed by ROP experts to determine acuity of disease, follow-up, and treatment. 36 In New Zealand, the Auckland Regional Telemedicine ROP (ARTROP) network also showed that telemedicine can be beneficial in ROP screening. Digital retinal imaging was obtained with the RetCam and was the preferred tool for screening when available. 37, 38 Telemedicine screening programs also exist in Canada and Germany. 34 
ARTIFICIAL INTELLIGENCE/COMPUTER-BASED IMAGING ANALYSIS
There have been a number of approaches to use computers to quantify vascular disease in ROP over the years. These approaches have ranged from basic feature extraction (eg, ROPtool 39 ; FocusROP, Trumbauersville, PA, US), feature-based machine learning, to deep convolutional neural networks (eg, VesselMap, 40 CAIAR, 41 i-ROP, 42 RISA, 43 ). Abbey et al 44 reported that ROPtool showed high sensitivity (97%) and specificity (94%) in the detection of vascular abnormalities. The system has also been used to analyze images obtained from the Pictor (Volk Optical Inc, Mentor, OH, US), RetCam, or video indirect ophthalmoscopy. 45, 46 Other examples of computer-based imaging analysis (CBIA) include Retinal Image multiScale Analysis (RISA), 47 VesselMap, 39 and the Computer-Aided Image Analysis of the Retina (CAIAR) program. 40 The i-ROP ASSIST system utilizes a number of defined measures of dilation and tortuosity and a machine learning classifier to diagnose pre-plus or plus disease. The system was the first to report expert-level diagnostic performance of plus disease. However, the requirement for manual segmentation of input images limits the applications in the real world. 41, 48 Coyner et al 49 created a model utilizing a 5-fold cross-validation approach that distinguished RetCam images of acceptable quality from low/ questionable quality and recognized features that grouped them into these categories. The model performed similarly to ROP experts with high intra-group and inter-group discrimination. 49 In 2018, Brown et al 50 reported the results of a fully automated convolutional neural network. This technique, referred to as deep learning (DL), has been reported in numerous medical imaging applications to provide diagnostic accuracy on a par with physicians. The system, referred to as i-ROP DL demonstrated an area under the curve of 0.98 for the diagnosis of plus disease, and outperformed 7 of 8 experts in the test set for consistent diagnosis compared with a reference standard diagnosis. 50 
FLUORESCEIN ANGIOGRAPHY
Fluorescein angiography was first utilized for retrolental fibroplasia in the 1960s by Flynn and his team with a Zeiss fundus camera (Dublin, CA, US). 9 Multimodal digital retinal imaging devices allowed examiners to incorporate FA more easily for ROP screening. The technique can be used with various fundus cameras including the RetCam, 3nethra flora, Optos, Spectralis, and others (Table 1) . Fluorescein angiography has been shown to be safe in children with minimal adverse effects. 51 It is advantageous in that it can identify pathology that is not visible with indirect ophthalmoscopy and can potentially help identify higher severity levels of ROP earlier in the disease course (Fig.  2) . 52 For example, a case series by Yokoi et al 53 showed that in aggressive posterior ROP, vascular changes such as greater temporal extension of vessels, shunting in the vascularized retina, or leakage from neovascular tissue were detected on FA, but not visualized on indirect ophthalmoscopy. Furthermore, various studies have shown that FA can improve diagnostic accuracy of different classifications of ROP, such as type 2 ROP, and can improve intergrader agreement when used in adjunct with digital fundus photographs. 54 Fluorescein angiography can also play a role in more accurately monitoring efficacy of anti-VEGF therapy in ROP. 5 This modality is highly operator-dependent and can affect image quality which in turn affects diagnostic accuracy.
OCT AND OCT ANGIOGRAPHY
There have been several early attempts to use handheld OCT and optical coherence tomography angiography (OCTA) as an adjunct to ROP screening and fundus photography. 55, 56 Several 3-dimensional (3D) morphological features including thickened retinal ridge, vascular tufts, and neovascularization at the avascular-vascular junction can be identified by OCT. 57 Mangalesh et al 58 used colorized 3D visualization and extensions of OCT processing, which had benefits in understanding extraretinal features as well as longitudinal care of ROP.
In addition to features in the avascular-vascular zone, subclinical findings in the macula and vitreous have been visualized on OCT in ROP including pre-retinal tissue (popcorn retinopathy), epiretinal membranes, cystoid macular changes, retinoschisis, precise localization of retinal detachment, vascular changes representative of plus disease, and cellular and subcellular changes related to ROP. 59 , 60 Maldonado et al 61 demonstrated that 3D topographic features correlated with ophthalmoscopic signs of plus disease. Furthermore, early identification of vitreoretinal traction led to earlier surgical intervention in infants with ROP progressing towards retinal detachment. 62 Images of OCT can also provide an ultrawide-field view which is pertinent in ROP (Fig. 3) . Therefore, OCT is currently a useful adjunct to ROP screening. 63 Campbell et al 55 demonstrated the ability to obtain OCTA using a handheld device, but the clinical utility of this technology remains to be seen (Fig. 4) .
TELE-EDUCATION
Digital retinal imaging is beneficial for tele-education and training more ophthalmologists who can manage ROP. Multiple training systems have been developed. For example, the Global Education Network for Retinopathy of Prematurity (GEN-ROP) is a web-based tele-education system and utilizes over 12,000 images. Pretests and posttests were administered to ophthalmology residents in the US and Canada, and results showed improved diagnostic accuracy and reliability of ROP diagnosis with the use of this system. 64 Furthermore, international applications of teleeducation systems have also shown the potential to improving ROP diagnosis among ophthalmology residents and fellows in Mexico, Brazil and the Philippines, and was preferred to standard educational methods. 65, 66 Online training modules with digital retinal images of ROP are offered by the AAO and were developed in coordination with i-ROP and GEN-ROP. 67 Education should also be provided to the parents and staff taking care of infants with ROP. A video educational and consenting system was developed by Arnold 68 who showed that parents and staff had increased understanding after watching the video or viewing online material regarding ROP. Providing information remotely can improve the consenting process and be helpful in areas where it is not possible to have face-to-face education time with an ophthalmologist.
ADVANTAGES OF IMAGING Documentation
Documentation of retinal findings in ROP was historically recorded with hand-drawn sketches based on disease classification but this led to significant interexpert variability. 42, 69 Digital images of ROP, however, can provide a means for objective documentation and can be stored as single images, montages, or videos. 70 In a statement by the AAP, AAO and AAPOS, digital retinal imaging is described as a useful tool for objective documentation and also for education of parents and staff in the neonatal intensive care unit. 7 Furthermore, cloudbased software allows information to be stored and shared as needed in the management of ROP. Arnold et al 20 describes how communication and scheduling is maintained for ROP through a software called ROP-Check.
Disease Classification and Diagnosis
Digital retinal imaging offers advantages in disease classification and diagnosis. For example, several studies have shown that CBIA can help in identifying and differentiating plus from pre-plus disease, although diagnosis of plus disease among experts can be variable. 41, 44, 47 Klufas et al 54 found that the addition of FA to retinal imaging increased sensitivity of diagnosis of stage 2 ROP or worse, stage 3 or worse, pre-plus or worse, and type 2 or worse, and improved intergrader agreement for treatment-requiring ROP diagnosis. Computer-generated mosaic photographs instead of multiple single photographs could also further improve accuracy of digital retinal imaging especially in treatment-requiring ROP.
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Several studies have shown the accuracy of digital photography for diagnosis of ROP. In a study, digital imaging using the RetCam-120 system showed a sensitivity of 100% and specificity of 96% for detection of referral-warranted ROP. In addition, the positive predictive value was 92% and negative predictive value was 100% for digital photography. 72 Digital retinal imaging systems offer an advantage in that they can be used by nurses and other non-physician staff, and electronically transmitted to readers and have high intragrader reliability. 32, 73 However, image quality is an important factor in diagnostic sensitivity. 74 Wide-angle digital retinal imaging can provide high accuracy of clinically significant ROP and more objective measures of monitoring progression of disease by comparing previous photographs or videos. 75 
Physiologic Advantage
There are also advantages to the infant physiologically with digital retinal imaging. For example, indirect ophthalmoscopy resulted in an increased stress response as indicated by a significantly higher heart rate and respiratory rate compared with digital retinal imaging. 76 Non-mydriatic cameras also eliminate the potential risks with systemic absorption of dilation drops.
Cost-effectiveness
There have been a few studies that compared the costeffectiveness of telemedicine and digital retinal imaging with traditional indirect ophthalmoscopy for ROP screening. In the US, telemedicine was shown to be more cost-effective in terms of costs per quality-adjusted life year. 77 In the UK, it was shown that trained nurses utilizing portable retinal cameras were more costeffective than traditional imaging. 78 In India, a study evaluated the costs of a tele-screening program and concluded that it was cost-effective. 79 
LIMITATIONS OF ROP IMAGING
Challenges to utilizing digital retinal imaging include the definition of a gold standard imaging modality and a gold standard photograph. Fundus photography has been used in the ETROP study but several potential issues have been described with the standard photograph including a narrow field of view (2-3 disc diameters) and image magnification that is larger than indirect ophthalmoscopy, which can affect diagnostic accuracy of plus disease and intergrader agreement. 80 However, the emergence of wide-field fundus cameras may help address this problem by providing a wider field of view without exaggerated magnification. 81 The standard photograph also displays more dilation and less tortuosity than what is typically seen in the majority of eyes with plus disease. Additional photographs have to be provided by the ICROP committee to demonstrate the minimum abnormality for plus disease. 82 There are also limitations involving access to camera systems and the need for mydriasis for most of these systems. Mydriatic cameras can be expensive and may not be available for use in certain areas or hospitals with limited resources. 37 Such cameras also require pharmacologic dilation of infants and expose infants to the risks of these medications. Further, digital retinal imaging produces a transient stress response in the infant although potentially less often than indirect ophthalmoscopy. 76 Another important factor in the use of digital retinal imaging for ROP is the quality of images. Motion artifact, poor contrast, and pressure on the globe can affect image quality. 22 The PHOTO-ROP study concluded that sensitivity, specificity, and accuracy of ROP diagnosis were dependent on image quality and for this reason, perhaps less likely to replace conventional indirect ophthalmoscopy screening for ROP. 74 As described previously however, new artificial intelligence systems are developing that can differentiate between acceptable and low-quality images.
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Limitations of CBIA algorithms include quantifying plus or pre-plus disease and specifying a cutoff of normal versus abnormal. 80 This is also closely linked to the concern whether CBIA systems should be restricted to existing clinical definitions or whether they should "fit the data", simulating real-world experience where there is interexpert diagnostic variability. For example, various experts are focusing on retinal features such as arterial tortuosity and venous dilation differently to arrive at their diagnosis. 48 
FUTURE OF ROP IMAGING
Advancements in the existing camera models are currently being developed. [13] [14] [15] [16] 19, 20, 79 This will most likely decrease the cost of older models and make them affordable for use in areas that have no imaging devices. In India, the 3nethra neo has recently been approved for commercial use. A pilot study showed that it has similar potential as a ROP screening tool given its excellent sensitivity (97-99%) and good specificity (75-81%).
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In addition, as resolution and clarity of the camera systems improve, higher-quality images will allow for more accurate analysis of images. It is likely that DL and CBIA algorithms will be further refined and new algorithms created to improve diagnostic accuracy of ROP. As we continue to learn more about the pathophysiology of ROP, FA, OCT and OCTA will be more frequently incorporated into the ROP screening examinations and more devices will offer this multimodal imaging functionality.
CONCLUSION
There are several modalities for imaging in ROP from digital retinal images to smartphones to artificial intelligence systems. Digital retinal imaging in ROP has been fundamental to the diagnosis and early management of ROP, applications in telemedicine and tele-education worldwide, and our growing knowledge of the pathophysiology of ROP. The future of ROP will continue to see further developments in the existing technology with incorporation of other modalities such as FA, OCT, and OCTA. 
